Field and herbarium study of Luzula comosa and its allies revealed two taxa in western North America that were overlooked in recent years but are distinct and best treated as species. Luzula cascadensis, once considered a variety of Luzula campestris, is elevated to species rank. It inhabits montane wetlands from southern Washington to California, east to Idaho and Montana. It is distinguished from Luzula comosa by its elongate horizontal rhizomes, usually darker tepals, and wetter habitats. Luzula macrantha is raised to species rank and separated from Luzula subsessilis by differences in inflorescence architecture as well as the length of the tepals, styles, and anthers. Luzula macrantha is found in dry forest and openings from southern British Columbia to California. Lectotypes are designated for Luzula comosa var. laxa and Luzula comosa var. congesta. Descriptions, distribution maps, synonymy, a key, and illustrations are provided for members of the group.
TABLE 2.
A morphological comparison of members of the Luzula comosa complex in western North America, based on measurements of 50 herbarium specimens of each taxon. Infl = inflorescence shape; P = long-peduncled proximal spike, from leaf axil; T = a terminal head; U = umbellate. Dried seed measurements are length (including aril) × width. The dried fleshy aril measurement does not include the fibrillose base. Parentheses = rare, extreme measurements. Classification of members of the L. comosa complex were compared in Table 1 , using 21 relevant major floras (Abrams 1940 , Češka & Kirschner 2001 , Coffey 1986 , Cronquist 1977 , Davis 1952 , Fernald & Wiegand 1913 , Harrington 1964 , Hitchcock & Cronquist 1973 , Kearney et al. 1960 , Kirschner 2012 , Kirschner et al. 2002 , Martin & Hutchins 1980 , Moss 1959 , Munz & Keck 1965 , Peck 1961 , Scoggan 1978 , Swab 1993 , Swab 2000 , Tidestrom 1925 , Weber 1990 , Welsh et al. 1993 .
Results
Despite some overlap in measurements, each taxon in the Luzula comosa complex has its own distinctive combination of traits (Table 2 ; discussions of each taxon, below). The horizontal rhizomes of L. cascadensis are unique in this complex. Sympatric L. macrantha and L. subsessilis both have dark tepals but differ in the length of anthers and tepals (Table 2 ). In addition, L. macrantha typically has a more open inflorescence. More detailed results are included in the taxonomic treatment below.
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The five members of the L. comosa complex were treated as one to four different taxa (Table 1) . When they were treated as a single taxon, they were called L. comosa or L. campestris. All the dark-flowered taxa were united as L. multiflora. Unique L. cascadensis was often held separate from the other species but confused with rhizomatous Eurasian species. Only Fernald & Wiegand (1913) distinguished the sympatric taxa we recognize as L. macrantha and L. subsessilis.
Discussion
In this paper we provide new names at the rank of species for two members of the Luzula comosa complex, which now includes four species and two varieties. One species was long confused with, and included in, L. subsessilis. Another species was originally described as a variety of L. campestris, and ignored by regional authors ever since. We also carefully circumscribe the two varieties of L. comosa to distinguish them from similar taxa. Our choices of lectotypes serve to stabilize and clarify the synonymy and taxonomy of the complex.
Throughout most of their range, well-developed individuals of the five taxa included here can be readily distinguished. However, in central California the inflorescences of Luzula comosa var. laxa Buchenau (1906: 83) seem to vary in color more than usual, and additional characters must be examined carefully for correct identification. Some individuals of L. comosa var. comosa, though separated by phenology and habitat, can look similar to L. subsessilis. Other problems complicated identifications. We observed that depauperate plants may have unusually condensed inflorescences. Those growing in shade may have unusually small flower parts. Cespitose plants growing where soil accumulates may form short vertical rhizomes, leading to confusion with L. campestris or other species with welldeveloped, horizontal rhizomes. Hybridization is possible in Luzula sect. Luzula, particularly between plants with the same chromosome number (Nordenskiöld 1956 , Kirschner 1991 , but potential hybrids were rarely observed during this study.
To permit accurate identification, we provided a key and illustrations showing natural variation, which was not addressed in previous works (Fernald & Wiegand 1913 , Abrams 1940 , Munz & Keck 1965 , Swab 2000 . The key accommodates some rarely seen but confusing forms.
Luzula sect. Luzula includes a complex of several closely related Eurasian and North American species, among them the amphi-Atlantic L. multiflora. In the course of this study we found that the L. multiflora complex is represented in the Pacific Northwest by what appear to be multiple or highly variable native taxa in undisturbed, often remote habitats, as well as other populations in disturbed and agricultural settings, which may represent introductions. The existing subspecific names for L. multiflora may not parse this variation in a useful way (Coffey 1970) . However, revising this circumboreal complex was beyond the scope of this study. More field research and chromosome analyses are needed to resolve the relationships of these populations to each other and to L. kobayasii Satake (1932: 186) of the north Pacific. In the identification key, we used the name L. multiflora broadly and made no attempt to apply the current subspecific taxonomy, which we suspect is inadequate. However, different measurements are reported for L. multiflora in different parts of the key, as appropriate. distributed on the proximal 2/3 of the stems; blades herbaceous, 40-200 × 1.3-5.7 mm, flat, becoming channeled near swollen, blunt, pale or brownish apex, margins spreading-hairy, the hairs becoming sparse with age, the margins (at 40×) papillose-serrate; leaf sheaths tight, densely long white hairy at V-shaped apex. Vegetative rosettes with blades to 230 × 1.5-5.7 mm. Inflorescences 1-13 × 1-5.5 cm, open umbels of spikes, rarely compound, the rays stiffly erect to spreading-ascending, rarely somewhat arching, occasionally congested into a single or lobed head, with 1-7 spikes. Spikes subsessile or on peduncles 1-11.2 cm, spikes (3)5-11 × 4-9 mm, 3-26 flowered, dense or loose basally. Proximal inflorescence bract green or reddish, shorter than to longer than the inflorescence, apices swollen, blunt, and discolored. Branches subtended by inconspicuous scarious, greenish, or reddish bracts, apices acuminate. Flowers subtended by three scarious acuminate to acute bracteoles, margins erose to sparsely hairy, becoming increasingly dissected with age. Tepals 6, (1.7)2.3-3.3(3.6) mm, dark brown or blackish, less commonly mid-brown or pale, stamens 6, filaments ( Nordenskiöld (1951, 1956) Distribution and Ecology:-Luzula cascadensis ranges from Mt. Adams in Washington, east to western Montana, and south to western Nevada and the San Bernardino Mountains of southern California, at elevations of 900-3400 m (Fig. 4) . It is found in seasonally to permanently saturated soils, in peatlands, springs, pond shores, wet meadows, and creek banks. The underlying bedrock noted on herbarium labels includes sandstone, schist, peridotite, andesite, diorite, and granodiorite. Common associates are provided in the appendix.
Luzula cascadensis, like many other members of Luzula sect. Luzula, has a fleshy pale seed aril that presumably facilitates ant dispersal of the seeds, as has been documented in hundreds of genera (Handel 1978 , Bossard 1991 , Gibson 1993 , Lengyel et al. 2010 , Gracie 2012 .
Notes:-The swollen leaf tips and umbels of spikes place Luzula cascadensis in Luzula sect. Luzula, as defined in Kirschner et al. (2002) . Cascade woodrush was confused with L. campestris in some recent floristic treatments (e.g., Cronquist 1977; Table 1 ). Both are long rhizomatous (Fig. 3) , but L. campestris is a European introduction on disturbed ground at low elevations in western North America (Legler et al. 2008) , with seeds 1.6-2.1 mm long (including the basal aril), and anthers 1.5-2 mm. Luzula cascadensis is native in montane wetlands, with seeds 1-1.6 mm long, and anthers 0.35-1.2 mm. The rhizomes of L. campestris are sturdy structures, and easily extracted when collecting. The rhizomes of L. cascadensis are more fragile and must be extracted with some care in dense wet peat. Many herbarium specimens have broken stubs instead of complete rhizomes. Similar L. comosa var. laxa lacks horizontal rhizomes, has bulbous-swollen stem bases (Fig. 5) , usually has paler tepals, and generally grows in drier soils. The other taxa treated here are usually found in drier soils and produce bulbous shoot bases. In the northeastern part of its range L. cascadensis is sympatric with representatives of the L. multiflora complex, and they can have similar umbels of dark dense small spikes. These populations of Luzula multiflora are cespitose, lack long rhizomes, and often have wider seeds and longer anthers than L. cascadensis.
Where diploid Luzula cascadensis grows with L. multiflora or diploid L. comosa var. laxa, they occupy slightly different positions on the gradient of soil moisture. Morphologically intermediate plants that might be hybrids appear to be extremely rare. Hybridization with the presumed polyploid L. multiflora would not be expected (Kirschner 1991) . However, greenhouse hybrids of L. cascadensis with the Asian diploid L. lutescens (Koidzumi in Matsumura 1912: 105, fig. 53 ) Kirschner & Miyamoto (in Kirschner & Kaplan 2001 : 1110 were produced and were partly fertile (Nordenskiöld 1956 ). This, and the work of Kirschner (1991 Kirschner ( , 1992b suggests hybridization between L. cascadensis and L. comosa var. laxa may be a possible explanation for a few plants that display intermediate morphological characters and grow in transitional habitats near the two putative parents. Meyer (1823: 21) . (Figs. 5A-B Perennial herb, tufted, lacking elongate horizontal rhizomes; stem 10-78 cm tall, usually exceeding the leaves, with age usually bulbous thickened basally; basal sheaths pale brown, sometimes pink or purple-striped. Leaves 2-5, distributed on the proximal ¾ of the stems; blades herbaceous, 60-330 × 1.5-7.5 mm, flat, becoming channeled near swollen, blunt, pale or brownish apex, margins spreading hairy, at least proximally, the margins (at 16 ×) papillose serrate; leaf sheaths tight or loose, densely long white hairy at V-shaped apex. Vegetative rosettes with blades to 360 × 2-7 mm. Inflorescences 1-11 × 0.5-4.5 cm, congested into a single or lobed head or open with (1)2-8(17) spikes. Inflorescence or its spikes each subtended by a bract, this green or reddish, shorter than to longer than the inflorescence, apices swollen, blunt, and discolored, apex acute to acuminate. Bracteoles subtending individual flowers three, scarious, acuminate to acute, margins erose or hairy, becoming increasingly dissected with age. Tepals 6, (2)2.2-3.9(4.2) mm, scarious, pale brown or mid brown, rarely dark brown, stamens 6, filaments 0.4-0.7 mm, anthers yellow, linear, 0.5-0.9(1.1) mm, styles straight, persisting, easily broken, (0.2)0.4-0.9(1.1) mm. Capsules obovate trigonous, 0.6-2.7 × 1.2-1.9 mm, apices acute or blunt, occasionally truncate, with three seeds (1.1)1.2-2.1 mm long (including basal aril) × 0.6-1.1(1.2) mm, fleshy aril pale, 0.15-0.6(0.7) mm long, not including the fibrillose base.
Luzula comosa
Phenology:-The capsules ripen from May through August. Luzula comosa is represented by two largely allopatric varieties, described below.
LUZULA COMOSA COMPLEX
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E. Luzula subsessilis (Zika 24801).
2A. Luzula comosa Meyer (1823: 21) var. comosa (Fig. 6A ).
Stems 14-78 cm tall. Leaves (2)3-5, 6-33 cm; leaf sheaths tight or slightly loose. Vegetative rosettes with blades to 360 × 3.5-6 mm. Inflorescences 1.3-3 × 1-2.1 cm, congested into a single or lobed head of 4-10 dense spikes (rarely with a short branch and spike elevated above terminal cluster), occasionally with remote, long-peduncled spike from axil of distal cauline leaf. Axis of spikes subtended by inconspicuous bracts shorter or longer than the spike. Tepals 2.3-3.5(4) mm. Filaments 0.5-0.7 mm. Styles (0.2)0.4-0.8 mm. Capsules 1.6-2.4 × 1.2-1.5 mm, apices occasionally truncate. Seeds (1.1)1.2-1.6(1.85) mm long (including basal aril) × 0.6-0.9 mm, aril 0.15-0.6 mm long. Most specimens of Luzula comosa var. comosa are tetraploids with 2n = 24 and unfragmented chromosomes (Nordenskiöld 1951 Distribution and Ecology:-Luzula comosa var. comosa, pale woodrush, is often a littoral plant, ranging from the central California coast north to southeastern Alaska. Most collections are from less than 200 m elevation, on sandy or gravelly sea beaches, cliffs, fjords, shores, and maritime forests. Common associates are provided in the appendix. Notes:-A dense terminal inflorescence is characteristic of Luzula comosa var. comosa (Fig. 6A) . Occasional stems show a long-peduncled spike from the distal leaf axil. The inflorescence is the primary means to distinguish it from L. comosa var. laxa, which has a branching, umbellate inflorescence (Figs. 6B, D) . Transitional forms are found infrequently, away from the coast, such as Zika 25293 et al. (Fig. 6C) . The pale tepals help separate L. comosa var. comosa from L. subsessilis, which has a dense terminal inflorescence but black tepals (Table 2 ). Rarely L. comosa var. comosa can have darker tepals, mid-brown or even darker, for example in Sonoma County. These darker plants are separable from L. subsessilis in the area by their lack of axillary peduncled spikes, somewhat less densely hairy and shorter-hairy bracteoles, and their preference for more hydric soils. They mature in summer, whereas nearby colonies of L. subsessilis mature in spring. Occasional forms of L. cascadensis have congested inflorescences and pale tepals, but they are rhizomatous and grow further inland, at higher elevations than L. comosa var. comosa. In mixed populations of Luzula macrantha and L. subsessilis we observed a few morphological intermediates (Fig. 11) , which we presume to be hybrids (e.g., Zika 24862 [WTU] from Grays Harbor County, Washington). Our suggestion that these are hybrids is based on morphological and ecological data; we have no results from genetic or molecular investigations to report. Morphological intermediacy was observed in artificial hybrids in European members of the group that had the same ploidy levels (Nordenskiöld 1956 (Nordenskiöld , 1971 ; the putative hybrid plants are intermediate and the putative parents have the same ploidy levels. The presumed hybrids show the umbellate inflorescence of L. macrantha, and the peduncled spike from the distal leaf axil characteristic of L. subsessilis (Table 2 ). In addition, the putative hybrids show a terminal inflorescence more congested than in L. macrantha, but more open than in L. subsessilis. Neither of the putative parents shows this range of morphological variation when in isolation. We note there were no other closely related species in the area that might have been involved in hybridization. And the parents and putative hybrids were maturing more or less simultaneously, so there was no apparent phenological barrier to crossing. A more detailed study of potential hybrids like these would be useful, to see if there was reduced fertility and if there was backcrossing. There is also the intriguing question of how these two species might have evolved with partial sympatry if there is little barrier to gene flow. (Watson 1880: 203) Buchenau (1898: 290) . (Figs. 5E, 7C, 11B, 12) . Luzula comosa Meyer (1823: 21) var. subsessilis Watson (1880: 203) . Juncoides comosa (Meyer 1823: 21) Sheldon (1894: 64) var. subsessilis (Watson 1880: 203) Sheldon (1894: 64) . Juncoides subsessilis (Watson 1880 : 203) Piper (1915 Perennial herb, tufted, lacking elongate horizontal rhizomes; stems (4.5)7-61.5 cm, usually exceeding the leaves, with age usually bulbous-thickened basally; basal sheaths pale brown, rarely dull red or red-brown. Leaves 2-5, distributed on the proximal 3/4 of the stems; blades herbaceous, 10-170 × 1.5-8 mm, flat, becoming channeled near swollen, blunt, pale or brownish apex, margins spreading-hairy, at least proximally, the margins (at 16×) papillose-serrate; leaf sheaths tight or loose, densely long white hairy at V-shaped apex. Vegetative rosettes with blades 30-180 × 1-6 mm. Inflorescences terminal, 1-4 × 0.5-2.5 cm, dense or congested heads of 1-9 sessile or subsessile spikes. Occasionally with a peduncled spike from the distal leaf axil, on peduncles (0.5)1-11 cm, stiffly erect to slightly arching. Spikes 5-18 × 5-8 mm, 4-18 flowered, loose to dense basally. Proximal inflorescence bract green or reddish, shorter than to longer than the inflorescence, apices swollen, blunt, and discolored, or acute to acuminate. Secondary inflorescence bracts inconspicuous to prominent, scarious, greenish, or reddish, often fimbriate, often shorter than the inflorescence, apices swollen, blunt, and discolored, or acute to acuminate. Flowers subtended by three scarious acuminate to acute bracteoles, margins erose or hairy, becoming increasingly dissected with age. Tepals 6, 2.1-3.7(4) mm, dark brown or blackish, stamens 6, filaments 0.3-0.7 mm, anthers yellow, linear, 0.4-1.1(1.3) mm, styles straight, persisting, easily broken, 0.1-0.7 mm. Capsules trigonous, obovate to elliptic or broadly elliptic, 1.8-2.6 × 1.2-2.4 mm, apices acute or blunt; with three seeds (0.9)1.2-1.85 mm long (including basal aril) × 0.7-1.1 mm, fleshy pale aril 0.2-0.6 mm long, not including the fibrillose base. Chromosome counts for L. subsessilis were all diploid, 2n = 12 (Nordenskiöld 1951 
Luzula subsessilis
